Objectives-To examine the degree of hippocampal atrophy in patients with temporal lobe epilepsy and proved hippocampal sclerosis to determine whether or not patients with febrile seizures have more severe hippocampal atrophy. To determine whether or not there is a relation between age of seizure onset, duration of temporal lobe epilepsy, or seizure frequency, and severity of hippocampal atrophy. Methods-Hippocampal volumes were measured from volumetrically acquired MR images in 77 consecutive surgical patients with temporal lobe epilepsy (37 febrile seizures (FS)+, 40 FS−) with proved hippocampal sclerosis, and compared with 98 controls. Results-Ipsilateral and contralateral hippocampal volumes were not significantly diVerent between the FS+ and FS− groups. There was no diVerence in the age of onset of habitual seizures, duration of epilepsy, or age at the time of surgery, between these groups. No clinically significant correlations were found between hippocampal volumes and age of onset of first non-febrile seizure, duration of temporal lobe epilepsy, or complex partial and secondarily generalised seizure frequency, in patients with and without febrile seizures. Conclusions-Although febrile seizures was associated with hippocampal sclerosis in 48% of patients in this surgical series, the degree of MRI determined hippocampal atrophy was not related to a history of such seizures. The results do not support the view that febrile seizures cause more severe hippocampal sclerosis and are consistent with the hypothesis that hippocampal sclerosis is a pre-existing abnormality. (J Neurol Neurosurg Psychiatry 2000;69:733-738) 
Hippocampal sclerosis is the most common pathology in intractable temporal lobe epilepsy, occurring in 50%-70% of patients. 1 The percentage of patients having febrile seizures in surgical series of hippocampal sclerosis varies between 20% and 67%, and these are usually, but not always prolonged or complex febrile seizures. [2] [3] [4] [5] [6] [7] [8] [9] However prospect cohort studies confirm that intractable temporal lobe epilepsy is only a rare outcome in children with complex febrile seizures. [10] [11] [12] Therefore the vast majority of cases of febrile seizures are not associated with hippocampal sclerosis, and on average half the patients with hippocampal sclerosis, at least in surgical series, have no history of these seizures.
Nevertheless, several hypotheses are proposed to explain the relation between febrile seizures, hippocampal sclerosis, and temporal lobe epilepsy. hippocampal sclerosis may be acquired before the seizures as a result of a prior insult, 11 the seizures may produce injury that evolves into hippocampal sclerosis, 13 14 or a pre-existing developmental abnormality may predispose to febrile seizures, which then may cause additional hippocampal damage. 15 Animal models suggest that the immature hippocampus is relatively resistant to hippocampal injury, 16 whereas rats with experimentally induced dysgenesis are more susceptible to hyperthermia induced seizures and hippocampal injury. 17 18 Brain MR studies suggesting that patients with temporal lobe epilepsy with a history of febrile seizures have more severe hippocampal atrophy ipsilateral to the seizure focus than those without seizures might be interpreted as supporting the hypothesis that febrile seizures produce injury that evolves into hippocampal sclerosis. 2 19-23 Alternatively, if febrile seizures occur in the setting of a previously abnormal hippocampus, it might be expected that the degree of MR determined hippocampal atrophy would be similar in patients with and without febrile seizures. No previous studies have included only patients with pathologically established hippocampal sclerosis.
We therefore studied 77 patients with temporal lobe epilepsy and proved hippocampal sclerosis to determine whether or not patients with febrile seizures have more severe hippocampal atrophy. We also correlated hippocampal volumes with clinical variables to determine whether or not there is a relation between age of seizure onset, temporal lobe epilepsy duration, or seizure frequency, and severity of hippocampal atrophy.
Methods

PATIENTS
The study population comprised 77 patients with temporal lobe epilepsy selected for surgery on the basis of intractable, drug resistant complex partial seizures and confirmatory video-EEG seizure lateralisation. There were 46 female and 31 male patients, mean age 37.4 (SD 9.0) (range 20-55) years. A left temporal lobectomy was performed in 44 patients (23 female, 21 male) and a right temporal lobectomy in 33 patients (23 female, 10 male). Pathology confirmed hippocampal sclerosis in all patients, as defined by>50% neuronal loss in the CA1 subfield of the hippocampus.
Clinical features were recorded prospectively on admission for video-EEG monitoring and entered into our comprehensive epilepsy programme database. febrile seizures were defined as seizures occurring during a pyrexial illness between the age of 3 months and 5 years. 24 In patients with seizures and a history of so called "meningitis" or "encephalitis", further hospital records were obtained and unless there was unequivocal evidence of an antecedent illness these cases were classed as febrile seizures. If there was a definite history of focal onset, more then one seizure in 24 hours, or a seizure lasting more than 15 minutes febrile seizures were classed as complex. 24 Age of onset of first nonfebrile seizure and duration of epilepsy were recorded. Complex partial seizure frequency in the year preceding surgery was quantified as either daily, weekly, or monthly. Frequency of secondarily generalised seizures in the patient's lifetime was recorded as either never, once or less a year, or more than once a year.
CONTROLS
The controls were 98 age and randomly selected healthy volunteers (50 female, 48 male) with no history of head injury or significant medical or psychiatric illness. The mean age of the control group, 35.9 (SD 13.4) years (range 15-69), was not significantly diVerent from the mean age of patients (p=0.4).
MAGNETIC RESONANCE IMAGING
Volumetric MRI was performed in all patients not more than 1 year before surgery. One hundred and twenty four coronal T1 weighted 1.5 mm contiguous slices were acquired on a 1.5 Tesla MRI scanner using a 3D spoiled gradient echo (SPGR) sequence. The flip angle was 20 degrees, matrix size 256×192, field of view 200×150 mm, with resultant voxel dimensions 0.78×0.78×1.50 mm.
IMAGE ANALYSIS
Studies were transferred oV line to an IBM RISC 6000 UNIX workstation using ANA-LYZE 7.55 (Mayo Foundation, MN 1995). All scans were reformatted to correct for tilt, so that the lateral fissures and longest length of fornix were as symmetric as possible. Hippocampal volume (HCV) was measured according to a previously published protocol. 25 Total brain volume (TBV) was measured using a 3D morphometric procedure. Significant hippocampal atrophy was defined as a volume less than 2 SD below the mean control volume, for each sex separately. Significant hippocampal asymmetry was defined as an HCV ratio (smaller/larger hippocampal volume) greater than 2 SD below the mean of controls. Correction of HCVs for TBVs was performed according to the covariance method described by Jack et al 26 with the following equation:
HCV corrected=HCV measured-gradient×(TBV measured-TBV mean) Gradient is the slope of the regression line of control HCV versus TBV, which was 0.0021 for male and 0.0015 for female subjects. This method has been validated by other workers. 27 
STATISTICAL ANALYSIS
The eVect of a history of febrile seizures on hippocampal volumes was analysed by using one way analysis of variance (ANOVA) followed by a Tukey test for post hoc analysis, with the level of significance set at p<0.05. The relations between clinical variables and HCVs were examined with Pearson's correlation coeYcients. The between rater coeYcient of variability for HCV measurements was 10%, consistent with previously published studies. 28
Results
CONTROLS
In male subjects the mean (SD) HCV was 3421 (292) mm 3 and the mean left HCV was 3349 (307) mm 3 . In female subjects the mean right HCV was 3088 (SD 326 mm 3 and the mean left HCV was 3024 (SD 339) mm 3 . Hippocampal volumes were larger in male than in female subjects (two tailed Student's t test p<0.01). There was a small but significant right-left diVerence (two tailed Student's t test p<0.01), as found in previous studies. 27 Using a cut oV of mean−2 SD, in female subjects the lower limit of normal for the right HCV was 2436 mm 3 and the left HCV it was 2346 mm 3 . In male subjects the lower limit of normal for right HCV was 2837 mm 3 and for the left HCV it was 2735 mm 3 . The mean HCV ratio (smaller/larger) in controls was 0.96 (SD 0.03).
PATIENTS
A history of febrile seizures was obtained in 48% of patients. There were 30 patients with a history of simple febrile seizures (SFS+), seven patients fulfilled the criteria for complex febrile seizures (CFS+), and 40 patients had no history of febrile seizures (FS−). Table 1 shows no diVerence in the age of onset of habitual seizures, duration of epilepsy, or age at the time of surgery, between any of these groups. In nine patients with febrile seizures, habitual seizures started after the febrile seizures and there was no identifiable latent period. Two of these patients had bilateral hippocampal atrophy. Of the 28 patients with a typical quiescent period in the evolution of their habitual seizures, the mean latent interval was 12.2 years (range 1-27). Hippocampal volume ratios avoid the inherent diVerence in absolute volumes between male and female subjects so that groups with unequal sex distribution can be compared. There was no diVerence in the degree of hippocampal asymmetry between SFS+, CFS+ and FS− patients, but the three groups were all significantly smaller than controls ( fig  1) .
For absolute volumes males and female patients were considered separately. The CFS+ group was small (five female; two male) and therefore all SF+ patients were considered together. The mean corrected IHV and CHV were both larger in CFS+ patients (1921, 3089) than SFS+ patients (1688, 2684), despite a greater proportion of female patients.
In female patients (n=46), ANOVA showed significant group diVerences in IHV (F(2, 93)=1168, p<0.01), and CHV (F(2, 93) =8, p<0.01). Post hoc analysis indicated no significant diVerence in IHV or CHV between FS+ and FS− groups. Both IHV in FS+ and FS− groups were smaller than controls (p<0.01), but only the CHV in the FS− group was significantly smaller than controls (p<0.01) as shown in figure 2.
In male patients (n=31), ANOVA showed significant group diVerences in ipsilateral (I) (F (2,76)=222, p<0.01), and contralateral (C) (F(2, 76)=28, p<0.01) HVs. Post hoc analysis indicated no significant diVerence in either IHV or CHV between FS+ and FS− groups. All HCVs in male patients were significantly smaller than controls (p<0.01) as shown in figure 3.
In all but one female patient the operated hippocampus was atrophic based on MR volumetry. Bilateral hippocampal atrophy was present in 27 patients (12 female, 15 male). Febrile seizures were no more common in patients with unilateral (23/50 patients, 46%), than with bilateral hippocampal atrophy (14/27 patients, 52%) (NS). Table 2 shows Pearson's product moment correlations between HCVs and seizure variables for SFS+, CFS+, and FS− groups. Age of onset of seizures, duration of habitual epilepsy, or frequency of complex partial and secondarily generalised seizures did not correlate with HCVs in either the SFS+ or FS− groups. A paradoxical significant correlation existed between IHV and increasing duration of temporal lobe epilepsy in the CFS+ group.
Discussion
We found that MR determined hippocampal atrophy was no more severe in patients with temporal lobe epilepsy with a history of febrile seizures, either simple or complex, compared with those without such a history. This finding is surprising given previous reports. 2 20 21 23 Our study diVers in that all our patients had pathologically proved hippocampal sclerosis, which is crucial if the hypothesis that febrile seizures might cause more severe hippocampal sclerosis is being tested. Given the recognised association of febrile seizures with hippocampal sclerosis it may be that, in studies without pathological confirmation, the FS+ patients are more likely than FS− patients to have typical hippocampal sclerosis as defined by>50% CA1 hippocampal cell loss. 29 In the volumetric study by Cendes et al of 43 drug resistant patients with temporal lobe epilepsy, amygdala and hippocampal volumes ipsilateral to the seizure focus were significantly smaller in the 15 patients with a history of prolonged febrile seizures, compared with those without febrile seizures. 2 Qualitative pathological study in 24 patients showed a higher proportion of more severe mesial temporal sclerosis in the group with prolonged febrile seizures, but this was not significant. Pathology was not reported in the remaining 19 patients.
Barr et al reported hippocampal volumetric findings in 44 patients undergoing evaluation for epilepsy surgery. 21 Of the 21 patients (48%) with febrile seizures, eight were "complex", five were " simple", according to standard criteria, and the remainder were unclassified. 10 Hippocampal volume ipsilateral to the seizure focus was more than 2 SD below the mean value in 12 of 18 FS+ patients, compared with four of 19 FS− patients. Pathological confirmation of hippocampal sclerosis was not provided, and only 16 of 44 patients had significant hippocampal atrophy on MRI. Given the minor degree of hippocampal atrophy in most FS− patients the possibility that they did not have typical hippocampal sclerosis cannot be excluded.
Theodore et al reported hippocampal volumes in 35 patients with uncontrolled complex partial seizures who had temporal lobe ictal onset on video-EEG. 23 In nine patients with "prolonged or complex" febrile seizures ipsilateral hippocampal volumes were significantly smaller than those in the 26 patients without febrile seizures. Although 22 patients had surgery, pathology results were not provided, and again the possibility that they did not have typical hippocampal sclerosis must be considered.
The study of Kuks et al examined 107 patients with drug resistant epilepsy, hippocampal volume loss (defined as a hippocampal volume ratio<0.96) was more severe in those with childhood febrile seizures than those with non-febrile seizures and those without childhood seizures. 20 All childhood febrile seizures were included. This study did not compare the degree of hippocampal volume loss in only patients with temporal lobe epilepsy with and without febrile seizures. Importantly, 64% of patients with hippocampal volume loss gave no history of febrile seizures, and as the authors emphasise, if febrile seizures do in some way contribute to hippocampal sclerosis, they cannot provide the only mechanism. DiVuse rather than focal hippocampal volume loss was more strongly associated with a history of febrile seizures, which led Kuks et al to propose that febrile seizures might convert pre-existing congenital focal abnormalities into diVuse hippocampal sclerosis.
Recent MRI findings in a study of familial febrile seizures add credence to this proposal. 15 Fernandez et al did volumetric MRIs on 23 members of two families, of whom 13 had experienced febrile seizures and 10 had not. One member of each family with febrile seizures subsequently developed temporal lobe epilepsy. The 11 patients with febrile seizures who did not develop epilepsy and six clinically unaVected relatives had significantly asymmetric (>3 SD) hippocampi, the left always smaller. Previous surgical studies, as ours, have shown that febrile seizures are no more likely to be associated with left rather than right hippocampal sclerosis. 3 6 These authors proposed that a subtle pre-existing hippocampal malformation might facilitate febrile seizures and contribute to the development of subsequent hippocampal sclerosis. Interestingly, in this study febrile seizures were predominantly simple, and in these two families with proposed unilateral hippocampal dysgenesis, no lateralised febrile seizures were described. Both cases of subsequent temporal lobe epilepsy had 25-50 simple febrile seizures, without any prolonged or focal febrile seizures. That localised hippocampal dysgenesis might predispose to simple febrile seizures questions the assumption that brains of infants with simple febrile seizures are normal, 30 and refocuses interest on the relation between "simple" febrile seizures and later temporal lobe epilepsy.
Animal models provide a link between developmental abnormalities and susceptibility to seizures. In a rat hyperthermic model of febrile seizures, immature rats with experimentally induced neuronal migration defects had a lower threshold to hyperthermia induced seizures, 17 and were more susceptible to irreversible hippocampal neuronal damage than control immature rats without migration defects. 18 
CLINICAL FINDINGS
We found no significant correlations between clinical variables and hippocampal volumes in either the FS+ or FS− groups. These findings are consistent with earlier reports which showed no correlation between epilepsy duration or seizure frequency and hippocampal volumes with and without febrile seizures. 19 20 Although Barr et al also found no significant correlations between duration of epilepsy, seizure frequency, and ipsilateral hippocampal volumes, a significant inverse correlation between seizure frequency and contralateral hippocampal volume in the FS+ group led the authors to propose that febrile seizures were associated with a smaller hippocampus ipsilateral to the seizure focus, whereas chronic factors were related to contralateral pathology. 21 The second conclusion is based on a single -0.45 correlation coeYcient between contralateral hippocampal volume in the FS+ group and seizure frequency. The clinical significance of this finding is undermined by the accompanying low r value (-0.14) for duration of chronic epilepsy in that group. We found no correlation between contralateral hippocampal volumes and seizure frequency.
Theodore et al reported a correlation between duration of epilepsy and hippocampal volume ipsilateral to the seizure focus, in 35 patients with intractable temporal lobe epilepsy. 23 This association remained significant even when the nine patients with prolonged febrile seizures were excluded. However, increasing duration of epilepsy was inversely associated with ipsilateral but not contralateral volumes, interpreted as suggesting that any deleterious eVect of persistent seizures is confined to the epileptogenic zone itself.
The few patients in both studies might explain these opposite conclusions.
Only one of the 44 patients of Barr et al had significant bilateral hippocampal atrophy compared with 25 of 77 patients in our study. Of the 35 patients of Theodore et al there was a trend towards bilateral hippocampal atrophy in the FS+ but not FS− patients. Among our 77 patients febrile seizures were of a similar frequency in unilateral (51%) and bilateral hippocampal atrophy (40%). Our findings do not support the suggestion of Barr et al that febrile seizures contribute to ipsilateral atrophy, whereas chronic factors are related to contralateral pathology. 21 Neither do our findings support the contrary proposition of Theodore et al that a trend towards bilateral hippocampal atrophy in FS+ patients is consistent with the eVect of an early global insult.
We distinguished complex from simple febrile seizures. Previous studies have included only prolonged febrile seizures, 2 23 but others have included all febrile seizures and still reported more severe hippocampal atrophy with febrile seizures. 20 21 The duration of febrile seizures is thought to be a major factor by those who argue that the seizures might cause hippocampal sclerosis 14 31 but in these studies febrile seizures were unusually prolonged (>100 minutes). Such prolonged febrile seizures occur in <1% of cases. 32 The diYculty in distinguishing complex from simple febrile seizures in retrospective studies is well recognised, especially when a maternal history is not available. 14 From the notes we were able to confirm complex febrile seizures in only eight patients, and these were analysed separately, but made no diVerence to the overall conclusions.
It is generally accepted that complex febrile seizures are associated with increased risk of temporal lobe epilepsy and simple febrile seizures with generalised epilepsies. 33 Hamati-Haddad et al examined a mixed population of all ages not all with longstanding epilepsy and found a strong association between febrile seizures and temporal lobe epilepsy. 34 However, a prospective community based cohort study disputed a simple causal link between febrile seizures and hippocampal sclerosis. Of 524 children older than 1 year at the onset of epilepsy 73 (13.9%) had febrile seizures and 33 of these were complex (45.2%); 317 had MRIs and definite hippocampal atrophy was found in only three, none of whom had febrile seizures. There was no evidence that prior febrile seizures were associated with complex partial seizures, temporal lobe epilepsy, or hippocam-pal atrophy. Our findings are consistent with these epidemiological data.
Conclusions
In this series of patients with surgically treated temporal lobe epilepsy with proved hippocampal sclerosis, 48% of patients had a history of febrile seizures. The severity of hippocampal atrophy determined by MRI is independent on a history of febrile seizures, both simple and complex, refuting the notion that such seizures cause more severe hippocampal sclerosis. Age of onset of first non-febrile seizure, temporal lobe epilepsy duration, and seizure frequency, both complex partial and secondarily generalised, did not correlate with the severity of hippocampal atrophy in patients with or without febrile seizures.
Our findings are consistent with the theory that hippocampal sclerosis may be a preexisting abnormality, possibly developmental, providing a substrate for febrile seizures in some patients. In retrospective analyses of patients with temporal lobe epilepsy, we caution ascribing pathoaetiological relevance to a history of febrile seizures, especially if not all patients are known to have definite hippocampal sclerosis.
